Abstract The effectiveness of physiotherapy after firsttime lumbar disc surgery is still largely unknown. Studies in this field are heterogeneous and behavioural treatment principles have only been evaluated in one earlier study. The aim of this randomised study was to compare clinicbased physiotherapy with a behavioural approach to a home-based training programme regarding back disability, activity level, behavioural aspects, pain and global health measures. A total of 59 lumbar disc patients without any previous spine surgery or comorbidity participated in the study. Clinic-based physiotherapy with a behavioural approach was compared to home-based training 3 and 12 months after surgery. Additionally, the home training group was followed up 3 months after surgery by a structured telephone interview evaluating adherence to the exercise programme. Outcome measures were: Oswestry Disability Index (ODI), physical activity level, kinesiophobia, coping, pain, quality of life and patient satisfaction.
work in the short term. Studies on the long-term effects of different exercise programmes are sparse. Ostelo et al. [40] suggested that there is strong evidence that there is no difference between intensive and mild exercise programmes on long-term follow-up. Since that review, several randomised controlled studies have been published on this topic [4, 11, 12, 15, 19, 24, 25, 52] . All add further support to early and active programmes, but the effect of different training programmes still tends to level out on long-term follow-up. Recently, however, Millisdotter and Stromqvist [37] have shown in a prospective controlled study that a specific stabilising programme might have benefits regarding disability 12 months after surgery when compared to routine care.
Manniche [33] and Kjellby-Wendt [25] emphasised that intensive training programmes confront patients with their fears and insecurities, thus implying a behavioural effect.
Behavioural treatment principles are successfully applied in the treatment of non-specific low back pain [42] . Even though the outcome of lumbar disc surgery seems to be influenced by behavioural and cognitive factors, such as passive pain coping and fear of movement [8, 9] , behavioural treatment principles have only been evaluated in one study [41] . In this study, it was concluded that the behaviour-oriented principles did not offer any additional advantages to this patient group. Nevertheless, the authors of this study recommended that caregivers should convey a message of active pain coping and encourage patients to gradually resume normal daily activities, including returning to work.
According to earlier studies on patients with acute orthopaedic injuries [2] , after arthroscopic orthopaedic surgery [7, 44] , with non-specific low back pain [38] and after spinal surgery [34] , home-based training is a feasible treatment. Regarding patients who had undergone lumbar disc surgery, home exercises have been compared to supervised exercise programmes in four studies [4, 15, 22, 52] , the results of which are contradictory. Johannsen et al. [22] found these two treatment approaches almost equally effective regarding global health aspects, disability, pain and mobility. Yilmaz et al. [52] , however, found supervised dynamic lumbar stabilisation training to be more beneficial than home-based training, which in turn was more effective than no training. This is a pattern that has also been reported in other studies [4, 15] .
In summary, early and active training is beneficial for this patient group, as well as training programmes including exercises which aim to regain back muscle activity and trunk stability. A passive attitude towards pain seems to be an obstacle for recovery, however, behaviourally oriented programmes have only been evaluated in one previous study. In clinical practice it remains unclear whether minimal instructions regarding training and activity are sufficient, or if a further comprehensive programme led by a physiotherapist is more appropriate in rehabilitation after lumbar disc surgery.
The aim of the present study was to compare the effects of a regular, clinic-based, behaviour-oriented physiotherapy programme with a home-based exercise programme on disability, activity level, behavioural aspects such as kinesiophobia and coping, pain, global health measures and patient satisfaction.
Methods

Study design
This study was a randomised controlled prospective clinical trial with assessments before randomisation and 3 and 12 months after surgical treatment.
Participants
Patients were recruited from two neighbouring orthopaedic clinics in Sweden, one university hospital and one community hospital, between March 2003 and March 2005. Both clinics have catchment areas of about 250,000 inhabitants.
Patients were eligible for inclusion if they were scheduled for planned (not acute) first-time lumbar disc surgery, were between 18 and 60 years old, and had a lumbar disc herniation confirmed by MRI. All had incapacitating pain and physical signs of nerve root compression corresponding to the level of disc herniation. Criteria for exclusion were comorbidity influencing daily activities and not being fluent in the Swedish language.
The operation lists of the two departments were searched for eligible patients. Out of 253 patients who were scheduled for lumbar disc surgery, 83 had an acute operation and 14 a reoperation, leaving 156 who were checked for eligibility. A total of 59 patients finally met all inclusion criteria and gave their informed consent to participate (Fig. 1) . A total of 41 patients (69%) were recruited from the community hospital and 18 patients (31%) from the university hospital. Twenty patients from the community hospital were randomised to the clinic-based group and 21 patients to the home-based group. Corresponding numbers for the university hospital were nine (clinic based) and nine (home based). The most common reasons for exclusion were age over 60 years (n = 33), comorbidity (n = 20) and geographic (n = 25).
The patients were consecutively randomised to clinicbased training or home-based training during their postoperative stay in hospital. Randomisation was done from a computer-generated random list in blocks of four, stratified by hospital, and distributed in numbered, concealed envelopes by the physiotherapists at the respective orthopaedic departments. These physiotherapists neither took part in the later follow-up (3 weeks after surgery) nor the later treatment of the patients.
A total of 29 patients were randomised to the clinicbased training group and 30 to the home-based training group (Fig. 1) .
Demographic data of the study group are presented in Table 1 .
The study was approved by the Regional Ethics Committee in Uppsala.
All patients were surgically treated with a standard lumbar discectomy using microsurgical technique with magnifying glasses but without microscope.
The levels of disc herniation were similarly distributed in the two groups: 15 patients in each group at the level of L5-S1, 14 patients in the clinic-based training group and 12 in the home training group at L4-L5. In the home training group, one patient had a disc herniation located at L3-L4, and two patients at L2-L3.
Initial physiotherapy 0-3 weeks after surgery for both treatment groups All patients in both groups received oral and written information about postoperative training by a physiotherapist in the ward. Exercise started the first day after surgery and comprised stabilisation of the trunk by activation of the deep abdominal muscles [39] , back and hip mobility, and activation of the back, abdominal and buttock muscles, as well as instructions about how to get out of bed. Additionally, the patients received a written exercise programme which they were instructed to follow at least once a day. The patients were given no sitting restrictions and were encouraged to increase their daily activities gradually and to take daily walks.
Patients in both groups were followed up by the same physiotherapist 3 weeks after surgery. For the home-based Fig. 1 Patient flow through the study training group this was the only physiotherapy visit. At this follow-up visit all patients were clinically examined and given a new training programme which they were recommended to do daily. The importance of physical activity for the healing process was emphasised. The programme comprised back and hip mobility, trunk stability, strengthening of back, abdominal and leg muscles, and stretching of back, hamstring, quadriceps femoris and calf muscles. The patients were recommended to continue, and gradually extend, their daily walks and return to their normal daily routines and work as soon as possible. They were given no restrictions apart from heavy lifting during the first 3 months after surgery.
After this visit, the patients followed one of the two treatment groups, the clinic-based or the home-based training group.
The clinic-based training group
Patients who were randomised to the clinic-based training group visited the physiotherapy department once a week for 8 weeks, starting at the first follow-up visit 3 weeks after surgery and continuing until 11 weeks after surgery. They worked on their exercises under supervision by the physiotherapist alongside their daily home programme and were recommended to gradually resume normal daily activities. The physiotherapy was influenced by a behavioural operant approach including graded activity with positive reinforcement of healthy behaviour, aiming to reduce fear and avoidant behaviour [16, 17, 29, 30, 41, 50] . The exercise programme comprised back and hip mobility, trunk stability and strengthening of back, abdominal and leg muscles. Exercises with weight resistance were gradually added and increased. The programme also comprised general condition training by treadmill walking, stretching of back, hamstring, quadriceps femoris and calf muscles as well as a short relaxation. The patients also had the opportunity to discuss questions and thoughts about their condition at every visit. Active coping styles were encouraged and patients with residual pain were recommended to continue with their daily walks and home programme regardless. If a patient showed signs of passive pain coping, barriers to activity were identified and discussed and alternatives to painful exercises were given. The importance of future regular physical training was continuously emphasised and the patients were requested to establish goals for future regular weekly physical activity.
The home-based training group
Patients randomised to the home-based training group were informed and instructed at the above described occasion 3 weeks after surgery. They were recommended to gradually increase the number of repetitions of the exercises. No additional instructions were given to this group. Future regular physical activity was encouraged. After this visit, the patients continued to train on their own. They had the possibility of contacting the physiotherapist if they had questions concerning their training programme.
Outcome measures Before 1-2 weeks of admission to the orthopaedic clinic for surgery, all patients were sent a questionnaire (described below) to be completed and returned on arrival at the hospital. After 3 and 12 months of surgery, another questionnaire was sent for the evaluation of outcome measures (described below).
The 3-month follow-up took place 1-2 weeks after the clinic-based training group had finished their treatment programme.
In addition, all patients in the home-based training group were contacted by telephone 3 months after surgery by a physiotherapist unknown to the patient, and a structured interview was performed. The interview contained questions about adherence to the exercise programme.
The questionnaires to be answered preoperatively and 3 and 12 months after surgery included questions regarding:
• Back pain-related disability, assessed with the Oswestry disability questionnaire [13] which was the primary outcome variable. This scale has been reported to be reliable and have sufficient width to detect improvement or worsening in individuals with low back pain [6] . An advantage of this self-reported questionnaire is that it captures the patient's own perception of his/her back problem, which might be of greater relevance in assessing outcome after treatment than so-called objective measures of impairment [14] . Previous studies, though, have shown a high correlation between subjective and objective measures of disability [35] .
• The level of physical training and possible walking distance.
• Kinesiophobia, evaluated by a modification of the Tampa Scale of Kinesiophobia (TSK), with a possible score distribution from a low of 12, indicating no kinesiophobia, to a high of 48, indicating maximal kinesiophobia [36, 51] . Five questions from the TSK were omitted since these were considered to be inappropriate for this patient group.
• Coping strategies, assessed by the subscales of self-statement and catastrophising from the Coping Strategies Questionnaire (CSQ). The dimensions selfstatement and catastrophising each contain six questions, ranging from a possible low score of 0 to a high of 36 on each dimension.
A coping self-statement means telling oneself that one can cope with pain, no matter how bad it gets, e.g. ''I tell myself to be brave and carry on despite the pain''.
Catastrophising means negative self-statements and an exaggerated negative orientation towards pain, e.g. ''It is terrible and I feel it is never going to get any better''.
Higher scores indicate more self-statement and more pain catastrophising, respectively [28, 45] .
• The intensity of back and leg pain, using visual analogue scales (VAS).
• Generic health-related quality of life, measured by EuroQol [3] and SF-36 [47, 49] • In addition, the patients reported orally whether their leg pain was better, unchanged/worse (dichotomous data) 3 weeks after surgery compared to before the intervention started.
Statistics
A power analysis, carried out prior to the study, showed that a total of 50 patients, 25 in each group, was needed to detect a clinically significant mean score difference of eight points in the ODI (SD = 10) with 80% power. To allow for possible drop-outs we decided to include 30 patients in each group, making a total of 60 patients. Since most data were ordinal and not normally distributed, the median was used as measure of location and the interquartile range (q 1 -q 3 ) as measure of dispersion.
The Mann-Whitney rank sum test was used to compare differences between the two groups regarding changes over time.
Differences of proportions were analysed using chisquare statistics and Fisher's exact test.
Since the average age of the clinic-based group was 5 years higher than that of the home training group, we ran a linear multiple regression analysis to adjust for age. Group affiliation and age acted as independent variables and pain (leg and back pain), disability (ODI) and quality of life (EuroQol5D, EuroQol VAS) as dependent variables.
According to the intention-to-treat principle, the two patients who underwent repeated surgery (1 from each treatment group) during the first postoperative period were included in the data analysis. We performed a separate analysis without these two patients and found only minor differences concerning group median values. Moreover these differences did not influence any of the outcome variables.
A two-sided P value less than 0.05 was considered to be significant.
Results
Demographic data for the two study groups are presented in Table 1 . The median age in the clinic-based training group was 43 years (range 30-59), which was significantly higher than the home-based training group with a median of 38 years (range 25-57). As adjustments for age had little effect on the results for outcome variables, we present only the crude differences between the groups.
Participation
All patients answered the 3-month follow-up questionnaire. One patient in each group did not answer the 12-month questionnaire despite repeated reminders.
One patient in the clinic-based training group had another disc herniation at the same level and was reoperated 9 months after the first operation. One patient in the home-based training group had a postoperative discitis and was treated surgically with lumbar fusion 11 months after the primary operation.
Leg pain before and 3 weeks after surgery
After 3 weeks of surgery, 24/29 patients (83%) in the clinic-based group reported less leg pain in comparison to before surgery and five patients reported unchanged/worse leg pain. The corresponding number of patients in the home-based training group was 27/30 patients (90%) reporting no pain and three patients reporting unchanged or worse leg pain. When these proportions were compared there was no significant difference between the two groups (P = 0.472).
During the first 3 months after surgery, 6/30 patients (20%) in the home-based training group contacted the physiotherapist, a total of 13 telephone calls. They all had questions and concerns about residual leg or back pain and two of them also had queries about the intensity of training. These six patients had slightly but not significantly higher median scores for kinesiophobia (36/32) and catastrophising (17/13) and slightly but not significantly lower median scores for coping self-statement (19/21) compared to the other patients in the home-based training group.
Differences between groups
Comparisons of differences between the two groups at baseline and the different time points are presented in Tables 2 and 3. Postintervention follow-up, 0-3 months after surgery
The first follow-up was scheduled 1-2 weeks after the clinic-based training was finished, 3 months after surgery (Tables 2, 3; Fig. 2) .
No significant differences between the two groups were found regarding ODI, level of physical training, maximum walking distance, kinesiophobia, coping, pain or quality of life.
Compliance and patient satisfaction All but 4/29 patients (14%) adhered to the eight planned visits in the clinic-based training group. These four patients had seven, four, four and two visits, respectively.
The patients in the home-based training group were contacted by telephone 3 months after surgery and all reported they had understood the exercises well and knew how to accomplish the home programme. Most patients, 25/30 (86%), thought they had got on well with their exercises at home, while 4/30 (14%) were dissatisfied with their home training.
Most patients, 24/30 (83%), had trained 3-7 times per week, 2/30 (7%) once a week or occasionally and 3/30 (10%) had not undertaken the home programme at all. These three patients' median values for back and leg pain were higher than those of the other patients in the homebased training group (back pain 68, leg pain 38, compared to back pain 18, leg pain 10). All three patients reported, however, that they had less pain 3 weeks after surgery compared with preoperative pain levels.
Three months after surgery 28/29 patients (97%) in the clinic-based training group and 20/30 patients (67%) in the home-based training group reported that they had received sufficient help from the physiotherapist. This difference between the groups was significant (P = 0.023).
Significantly more patients in the clinic-based training group than in the home-based training group would recommend the treatment they had been provided to other patients 27/29 (93%) versus 21/30 (70%), (P = 0.023).
Treatment by other health care providers
During the first 3 months after surgery, 4/30 patients (13%) in the home-based training group visited another caregiver. Two patients visited a chiropractor, a masseur and another Table 2 Median preoperative values for the two treatment groups Medians of outcome scores, and medians for differences and interquartile range for differences, for the two treatment groups at the different time points. P values for comparisons of differences between the two treatment groups, 3 and 12 months after disc surgery physiotherapist, and two patients visited a masseur only, whereas only one patient (3%) in the physiotherapy group visited another caregiver, a chiropractor.
Long-term comparison (0-12 months)
The second follow-up was carried out 12 months after surgery (Tables 2, 3 ; Fig. 2 ).
Disability
There were no significant differences between the two treatment groups regarding ODI at 12-month follow-up ( Table 2) .
Level of physical training
After 12 months of surgery, all patients in the clinic-based training group, 28/28 (100%), reported that they trained regularly, compared with 23/29 (79%) patients in the home-based training group. This difference was significant (P = 0.019). Maximum walking distance did not differ significantly between the two groups (Table 3) .
Kinesiophobia and coping
There were no significant differences between the two treatment groups regarding kinesiophobia and coping at 12-month follow-up.
Pain
The home-based training group had a reduction of back pain from 70 mm at baseline to 9 mm at 12-month followup, whereas the corresponding reduction in the clinic-based training group was from 70 to 34 mm. This difference was statistically significant (P = 0.040).
Moreover, the home-based training group had a reduction of leg pain from median 70 mm at baseline to median 5 mm at 12-month follow-up, while the reduction in the clinic-based training group was from 75 to 23 mm. This difference was not quite statistically significant (P = 0.062) ( Table 2) . Asterisks indicate a significant difference between the two groups. PF Physical function, RP role physical, BP bodily pain, GH general health, VT vitality, SF social functioning, RE role emotional, MH mental health Quality of life Quality of life as measured by EuroQol VAS increased significantly more in the home-based training group (from 49 to 85 mm) compared to the clinic-based training group (from 50 to 70 mm) ( Table 2) . This difference between the groups was also reflected in the dimensions physical function, bodily pain and vitality within the SF-36 questionnaire (Fig. 2) .
Discussion
The main finding in this study was that there was no difference between the outcome of clinic-based training with regular scheduled visits to a physiotherapist and homebased training regarding back pain-specific functional status 3 and 12 months after first-time disc surgery. Back pain reduction and quality of life were significantly better in the home-based training group 1 year after surgery. However, those patients who followed the regular, multidimensional physiotherapy programme had a significantly higher compliance rate for future regular physical activity and were significantly more satisfied with the help they had received from the physiotherapist. Figure 1 shows that 62% (n = 97) of the 156 patients who were initially checked for eligibility were excluded from participation in this study. The main reasons for this were age over 60 years (34%), geographic (26%) or comorbidities (21%). Patients over 60 years were excluded since they are expected to have more pronounced degenerative changes [23] . Comorbidities are also likely to be more common among older patients. This was an exclusion criterion, as it is known to significantly influence most aspects of health [18] . We feared that concurrent diagnoses could constitute an obstacle for recovery and for the ability to fulfil the prescribed training, thereby decreasing compliance.
Both hospitals have geographically extensive catchment areas. Patients who lived far from the hospital, had difficulties to get there, and/or already had an established physiotherapist contact in their home area were not included in the study (26%), as we considered the risk for dropout and lack of compliance to be too high.
Patients with lumbar disc herniation are often regarded as a homogenous group. For rehabilitation, however, it is important to acknowledge its heterogeneity. It is reasonable to assume that different subgroups would need different kinds of postoperative care.
It should be noted that the results of this study are only valid for a selected subgroup of patients undergoing firsttime elective lumbar disc surgery, comprising individuals aged from 18 to 60 years without comorbidities. This subgroup comprised about 38% of the patients who were undergoing first-time lumbar disc surgery in the two Swedish hospitals.
In clinical physiotherapy practice, this is a considerable number of patients, and a large amount of time and costs can be saved if rehabilitation for these patients delivers a message of active coping and instructions about the subsequent home-based training.
Depending on patient selection and definitions, the success rate of surgery ranges from 60 to 90% [1, 20, 27, 31, 32, 43] . In this study, both groups had a pronounced treatment effect 12 months after surgery, with a mean decrease of 24.6 (SD 20.5) in ODI scores for the whole sample: from a mean of 39.6 preoperatively to a mean of 15.1 at 12-month follow-up. The home-based training group had low median ODI values 12 months after surgery (ODI 6) as well as low median levels of leg (VAS 5) and back pain (VAS 9). In a study on a similar group by Häkkinen and co-workers [21] , the corresponding mean ODI value was 19. In the Swedish spine register, based on 1,021 disc patients surgically treated during 2003, the corresponding mean levels of leg and back pain at 12-month follow-up were 23 and 26, respectively [46] . The excellent results of the homebased training group were unexpected and contrasting to previous studies, but in those, the control groups had a less active or no exercise programme, and compliance with the prescribed home training was not reported [4, 15, 52] .
Finding the appropriate balance in physical exercise is important after lumbar disc surgery. The higher physical activity in the clinic-based training group might have been too intense for some patients and could thereby have contributed to more back pain in this group at 12-month follow-up.
Another explanation for the lower back pain score in the home-based training group could be the home-based training arrangement, which with little postoperative treatment indirectly encourages the patients to return to normal life habits, possibly influencing pain perception positively.
The primary aim after surgery, besides pain reduction, is the return to a normal activity level as soon as possible and the prevention of future recurrent back and/or leg pain. As the physiotherapist in this study had the opportunity to adjust the exercises for patients in the clinic-based training group, these patients were able to accomplish the programme despite residual pain. This may provide an explanation for their significantly higher level of regular physical training at 12-month follow-up despite higher levels of back pain in the clinic-based group. The behavioural support for this group, with the possibility to identify and discuss problems impeding physical activities, may have promoted subsequent physical activity.
The same physiotherapist met all patients, and instructions on physical activity were the same for both groups. Even though behavioural support was minimal in the home-based training group, the similarity of the two treatment approaches probably contributed to the small differences between the two groups.
In the home-based training group, the physiotherapist was contacted by 20% of patients within the first three months after surgery. Almost every patient who called had queries about residual pain, indicating that this is a subject patients need to be informed about. When home-based training is offered, it might be beneficial therefore to include a brief educational intervention as well.
In earlier studies, evaluating treatments aiming at the minimisation of psychosocial barriers to the rehabilitation progress, it was concluded that the behavioural intervention was most effective in patients who had pronounced kinesiophobia and passive pain coping strategies [17, 48] . In accordance with these studies, programmes with behaviour-oriented principles might be of advantage for selected patients who have pronounced kinesiophobia and passive pain coping, but not necessarily for all patients. Identifying patients at risk and developing effective treatment programmes for them are challenging future research tasks.
The study was randomised but the sample was quite small and the significantly higher level of back pain 12 months after surgery in the clinic-based training group might be explained by some confounding factor unevenly and randomly distributed over the groups. This is indicated by the fact that the significant differences between the groups occurred when the physiotherapy intervention was actually over, between 3 and 12 months after surgery. It is, however, unlikely that the intervention itself is responsible for the differences seen after 12 months.
In our power analysis we used an expected SD of 10 points for the ODI, the main outcome variable. However, the standard deviation of the ODI 3 months after surgery was 14 points, which means that we underestimated the ODI variation. Since the differences were far from being significant though we do not think this lack of power of the study sample affects the interpretation of our results.
One shortcoming of the study was the lack of more sensitive pain ratings 3 weeks after surgery, when we only had dichotomous data. The groups were small and the power analysis did not include various potential confounders. We can therefore not rule out the presence of influential factors other than our intervention. However, the absence of any difference in pain ratings 3 weeks after surgery suggests that the operative results did not differ between the two groups.
Clinical implications
Rehabilitation after first-time disc surgery for patients without comorbidities can be based on training instructions and home training. This requires that patients receive careful instructions from a physiotherapist, a message of active pain coping and access to the physiotherapist if questions arise concerning their training. This might be a convenient treatment arrangement for most patients.
Conclusions
The results of behaviour-oriented clinic-based physiotherapy did not differ from home training regarding back painspecific functional status 3 and 12 months after first-time disc surgery, but back pain reduction and the increase in quality of life were significantly higher in the home-based training group.
The patients who completed the regular, multidimensional clinic-based physiotherapy programme were more motivated to continue regular physical activity and were significantly more satisfied with physiotherapy care despite more persistent back pain.
